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(57) ABSTRACT

Systems and methods of reducing peak energy consumption
of a power consumer comprise preprogramming an actual
consumption line based on expected power usage, and
determining the battery’s connection time, required depar-
ture time, required departure energy and connection energy.
A charge rate and a discharge rate are preselected, and a first
charge energy level 1s calculated from the peak energy level
less the discharge rate and the charge rate. A connection time
of the battery when the battery 1s connected to the power
consumer, a connection energy of the battery at the connec-
tion time, a required departure time of the battery, a required
departure energy are determined. A power exchange curve 1s
determined during a connection period between the connec-
tion time and the required departure time configured to
minimize an expected peak energy level.

18 Claims, 7 Drawing Sheets
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SYSTEMS AND METHODS FOR
DECREASING PEAK ENERGY
CONSUMPTION OF A POWER CONSUMER
USING VEHICLE BATTERY CAPACITY

TECHNICAL FIELD

This disclosure relates 1n general to systems and methods
for decreasing peak energy consumption of a power con-
sumer, and 1n particular, relate to methods of peak shaving
using the battery of an electric or hybrid vehicle.

BACKGROUND

For industrial and commercial power consumers, gener-
ally electricity prices are based on two elements: actual
usage and a penalty based on the highest point of demand (or
peak) within a billing period (weekly, monthly or annually).
Demand 1s calculated using demand intervals, a short time-
frame (often 15 minutes) during which overall usage 1is
agoregated and tracked as a total. The average calculated 1s
the kW demand for this period. Peak shaving 1s the ability
to control the usage of power from a power supplier during
intervals of high demand, 1n order to limit or reduce demand
penalties for the billing period.

There are two possible approaches to peak shaving:
reducing usage through load shedding and adding capacity
with on-site generation. One example of adding capacity
with on-site generation 1s through the use of a stationary
battery that 1s charged during periods of low energy demand
and discharged to the power consumer during periods of
peak demand. Using a stationary battery 1n this way does not
change a power consumer’s actual usage but does decrease
the highest point of demand and therefore the penalty owed
by the power consumer.

SUMMARY

Disclosed herein are methods for decreasing peak energy
consumption of a power consumer. One method disclosed
herein comprises preprogramming an actual consumption
line based on expected power usage, the actual consumption
line having an actual peak consumption, a peak consumption
start time and a peak consumption end time. The method
turther comprises preselecting a charge rate and a discharge
rate, and calculating a first charge energy level from the peak
energy level less the discharge rate and the charge rate. A
connection time of the battery when the battery 1s connected
to the power consumer, a connection energy of the battery at
the connection time, a required departure time of the battery,
a required departure energy are determined, and a power
exchange curve 1s calculated during a connection period
between the connection time and the required departure time
configured to minimize an expected peak energy level.

A system for decreasing peak energy consumption of a
power consumer as disclosed herein comprises a system
controller preprogrammed with an actual consumption line
based on expected power usage, the actual consumption line
having an actual peak consumption, a peak consumption
start time and a peak consumption end time. The controller
1s operable to preselect a charge rate and a discharge rate,
determine a connection time of the battery when the battery
1s connected to the power consumer, a connection energy of
the battery at the connection time, a required departure time
of the battery, a required departure energy, calculate a first
charge energy level from the peak energy level less the
discharge rate and the charge rate, and calculate a power
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2

exchange curve during a connection period between the
connection time and the required departure time configured
to minimize an expected peak energy level.

These and other aspects of the present disclosure are
disclosed in the following detailed description of the
embodiments, the appended claims and the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features, advantages and other uses of the
present apparatus will become more apparent by referring to
the following detailed description and drawing 1n which:

FIG. 1 1s a schematic of a power consumer providing
power Irom a power grid to EV charging stations;

FIG. 2 15 a graph illustrating power pulled from the power
orid by a power consumer over a twenty-four hour period;

FIG. 3 1s a graph illustrating the eflect on power con-
sumption and peak consumption when new EV charging
stations are used:

FIG. 4 15 a tlow diagram of a method for decreasing peak
energy consumption of a power consumer as disclosed
herein;

FIG. § 1s a graph illustrating a power exchange curve
wherein a first charge energy 1s greater than a second charge
energy according to the methods disclosed herein;

FIG. 6 1s a graph 1illustrating a power exchange curve
wherein a third charge energy 1s greater than a fourth charge
energy according to the methods disclosed herein;

FIG. 7 1s a graph 1illustrating a power exchange curve
wherein a third charge energy 1s less than a fourth charge
energy according to the methods disclosed herein; and

FIG. 8 1s a graph illustrating another power exchange
curve wherein a third charge energy 1s less than a fourth
charge energy according to the methods disclosed herein.

DETAILED DESCRIPTION

As electric vehicles increase in number, the need for
charging stations to charge the electric vehicles also
increases. As used herein, the terms *

EV” and “electric
vehicle” include pure electric and hybnd electric vehicles
that use a charging station. A user of an electric vehicle will
typically have an electric vehicle (EV) charger at his or her
residence. However, EV chargers are also needed at an
user’s place of employment and other destinations to which
an user drives his or her EV so that the EV has suilicient
power to return to the residence.

To accommodate the EV users, whether the user 1s an
employee or customer, commercial businesses will increas-
ingly ofler EV charging stations for use while the user 1s on
site at the commercial business. Often times, these commer-
cial businesses are large power consumers. As used herein,
a “power consumer”’ 1s a commercial or industrial user of
power from the power grid. Examples include but are not
limited to oflice buildings, manufacturing facilities, large
retail facilities, amusement parks, museums and other tourist
facilities, and the like. The “power consumer” can also be a
residence. As a large user of power, the power consumer 1s
likely to experience periods of peak demand that increase
the price 1t pays for power. FIG. 1 1s a schematic of a power
consumer 10 pulling power from the power grid 12. The
power consumer 10 provides power to EV charging stations
14 utilized by employees of, customers of, of visitors to the
power consumer 10, for example.

Offering EV charging stations will increase a power
consumer’s actual usage and likely increase the power




US 9,509,159 B2

3

consumer’s peak consumption. The peak consumption
period for power consumers typically occurs during the day
between the hours of about 8 am and 6 pm, as these hours
are typically when the most employees or customers are
on-site, requiring heating or cooling from HVAC systems,
lighting, computer power, and the like. FIG. 2 1s an 1llus-
tration of power pulled from the power grid by a power
consumer over time. The graph i FIG. 2 represents an
actual consumption line P. The peak energy consumption
time period AB 1s determined from the power consumer’s
energy usage and can typically be obtained from the power
provider. The power used by the power consumer in small
increments of time 1s averaged and plotted against time,
resulting 1n a curve similar to the one 1llustrated. The peak
energy consumption graph i1s shown as an example, and
actual peak energy consumption graphs can vary differently
over the time period. Peak start time A can be, for example,
8 am, while peak end time B can be 6 pm. The graph
illustrates the peak energy consumption C, occurring within
the peak consumption time period AB. The use of EV
charging stations by these employees or customers will also
occur between these hours while the employee 1s working or
the customer 1s inside the power consumer.

As one example, 1f the power consumer 1s a large office
complex that provides EV charging stations for its tenants
driving EVs, 1t 1s likely that the largest usage of the EV
charging stations will be during the daytime working hours,
such as 8 am and 6 pm. The users of the EVs using the
charging stations, people who work at the large oflice
complex, will remain at work for an extended period of time
between the hours of 8 am and 6 pm. However, an EV
battery can be charged 1n a much shorter period of time. For
example, with the development of the quick charging
method delivering direct current with a special connector, an
EV battery can be charged in about thirty minutes. There-
fore, there 1s significant time when an EV 1s available to but
not using a charging station, and a comparatively 1nsignifi-
cant time when the EV 1s using the charging station to charge
its battery.

FIG. 3 illustrates the conventional power usage when
charging an EV with an EV charging station of a power
consumer. EV 1 arrives and connects to the charging station
at time X with a connection state of charge (capacity) El,
and 1s charged at the preselected charge rate R ., until the
maximum capacity (or state of charge SOC) E, ,, +-1s reached
as shown by battery capacity curve Z1. When EV 1 begins
charging, the power usage of the power consumer 1ncreases
as shown by the resulting power consumed curve Q. EV 2
arrives with a connection state of charge (capacity) E2 and
begins charging at the preselected charge rate R -, at time Y
as shown by the battery capacity curve Z2, at which point the
power usage of the power consumer increases again. When
EV 1 1s fully charged, the power usage decreases, as EV 1
1s no longer drawing a charge. When EV 2 1s fully charged.,
the power usage decreases again, back to the power con-
sumer’s actual power consumption P, with no EV's charging.
FIG. 3 illustrates how the introduction of EV charging
stations may increase the actual peak consumption C of a
power consumer, from C to C+1 as shown by the resulting
power consumed curve Q, and thereby increase the fees
owed by the power consumer. The examples are illustrative
and one skilled in the art understands the eflect of the
illustrations 1s multiplied as the number of EVs utilizing a
number of charging stations increases.

Power consumers are typically charged a penalty that
increases as the peak of 1ts energy consumption increases.
The methods disclosed herein convert EV charging stations
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4

from consumers of power that increase peak energy con-
sumption overall, and may contribute to an increase of the
actual peak consumption C, to generators of power that
reduce the actual peak consumption C. The methods take
advantage of that time when an EV 1s available to, but not
using, the charging station to ultimately reduce the peak
energy consumption. With the methods herein, the EV can
charge during charge periods up to a required departure
amount of energy E, or a maximum energy amount E,
and discharge to the power consumer through the EV
charging station during discharging periods down to a mini-
mum energy amount E, - (or the required departure energy
E ) at variable rates during a connection time that spans at
least part of the peak consumption period AB to reduce the
actual peak consumption C, and sometimes the total energy
consumption of the power consumer. The overall power
consumption of the power consumer will increase as the
charging station will pull power from the grid. However,
decreasing (or maintaining at pre-EV level) the peak energy
consumption will have a positive impact on the overall
power spend of the power consumer.

The terms “peak shaving” and “reducing peak energy
consumption” are used interchangeably herein. Also, when
referring to charging and discharging the EV, it 1s understood
to mean that the battery of the EV 1s charging and discharg-
ing. The methods are performed by a processor, which can
be the existing processor of the charging stations prepro-

grammed with the methods herein or an existing processor
on-board the EV.

The energy from the EVs available to reduce peak energy
consumption C and the connection periods during which the
EVs are connected to the charging station are unknown and
will vary from day to day. Also, the EVs that use the EV
charging stations must have suflicient energy capacity when
the EV departs from the power consumer. The methods
disclosed herein address these dithicult issues.

For the methods and systems herein for reducing peak
energy consumption of a power consumer, an actual con-
sumption line P 1s preprogrammed based on expected power
usage, the actual consumption line P having a peak energy
level C, a peak consumption start time A and a peak
consumption end time B. These are illustrated 1n FIG. 5.

FIG. 4 1s a flow diagram of a method of reducing the peak
energy consumption of a power consumer. In step S10, a
charge rate R -, and discharge rate R ,,,. are preselected. The
charge and discharge rates can be the maximum charge and
discharge rates for the battery and power exchange station,
or can be other standard rates that are set as default rates, for
example. In step S12, a first charge energy level C .., 1s
calculated from the peak energy level C less the discharge
rate R, and the charge rate R ,;,. The first charge energy
level C ./ 1s shown 1n FIG. 5.

When an EV connects to a charging station, the system
detects the connection in step S14. In step S16, a connection
energy E . 1s detected. This connection energy E . can vary
greatly depending on whether the user has the capability of
charging where he or she was previously parked, the dis-
tance the user traveled to get to the power consumer, and the
like. A required departure energy E, 15 also determined 1n
step S16. The required departure energy E , can be set to an
amount that represents “full” charge based on conventional
charging stations. Alternatively, the required departure
energy E, can be set by the user of the EV. For example, 1f
the user of the EV has a charging station at home and lives
nearby, the user may choose to set the required departure

energy E, at a percentage lower than the “full” charge. The
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“full” charge can be a default required departure energy E .,
with the user able to change the default setting 11 desired.

To encourage the user to continue to use the charging
stations, the EV must have the departure energy E by the
time T 5 the user 1s ready to depart the power consumer. The
required departure time T, can be a default or programmed
time that corresponds to the end of shift work, as a non-
limiting example. The required departure time T, can be set
to end at a normal work day, for example, 6 pm, so that those
leaving at 6 pm or after will have the required departure
energy E, at the required departure time T,,. The required
departure time T, can also be input by the user of the EV.

The systems and methods disclosed herein calculate a
power exchange curve 7Z during a connection period
between the connection time T~ and the required departure
time T, configured to minimize an expected peak energy
level. Ideally, the expected peak energy level will be lower
than the peak energy level C. However, connection periods,
connection energies E - and departure energies B, vary with
every connection. When lowering the peak energy level C 1s
not possible based on connection periods, connection ener-
gies E - and departure energies E ,, the systems and methods
herein minimize the impact charging the EVs will have on
the peak energy level.

In step S18, initial charge periods T 7, Tz and mitial
charge energles E 1, B~z are calculated. A first charge
period T -, 1s calculated from the connection time T -~ and
a first time the first charge energy line C_,,,, crosses the
actual consumption line P, as shown in FIG. 5. A second
charge period T ~,,, 1s calculated from the required departure
time T, and a second time the first charge energy line C .,
crosses the actual consumption line P. A first charge energy
E ., 1s calculated at an end of the first charge period T,
using the preselected charge rate R, A second charge
energy E..,, 1s calculated at a start of the second charge
period T ., using the preselected charge rate R .

In step S20, 1t 1s determined 11 the first charge energy E -/,
1s greater than the second charge energy E,.,,. I the first
charge energy E ., 1s greater than the second charge energy
E .., the method moves to step S22. If the first charge
energy E -, 1s less than or equal to the second charge energy
E ., the method moves to step S28.

When the first charge energy E_.,, 1s greater than the
second charge energy E -, a discharge energy level C,,,
a revised discharge rate R ;.. and i1dle periods T, T, are
calculated in step S22. The discharge energy level C,,< 15
calculated from the peak energy level P less the preselected
discharge rate R ;... The revised discharge rate R ;.. and a
discharge period T, corresponding to the discharge energy
level C,,. are then calculated. Calculating the revised dis-
charge rate R ;.. comprises calculating the discharge period
T,,c between a first time and a second time the discharge
energy level C,,. crosses the actual consumption line P, as
shown 1n FIG. 5. The revised discharge rate R ,,,.. 1s then
calculated from the discharge period T,,c and a difference
between the first charge energy E.,,, and the second charge
energy E.-,.. Idle periods T, T, occur between the first
charge period T, and the discharge period T,,. and
between the discharge period T,,. and the second charge
period T ..., respectively.

In step S24, the power exchange curve Z 1s calculated as
illustrated 1 FIG. 5. In step S26, power i1s exchanged
between the EV battery and the power consumer or power
orid according to the power exchange curve 7. As shown 1n
FIG. 5, the battery 1s charged during the first charge period
T ;7 at the preselected charge rate R -, 1dled during the 1dle

period T, discharged during the discharge period T, at
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6

the revised discharge rate R .., 1dled during the 1dle period
T, and charged during the second charge period T -,,, at the
preselected charge rate R ;.

If, 1n step S20, the first charge energy E ., 1s less than or
equal to the second charge energy E ..., the method moves
to step S28 to calculate extended charge periods T 775, T 774
and extended charge energies E 1, E 7. A second charge
energy level C .., 1s first calculated from the peak energy
level C less the preselected charge rate R,.,. Extended
charge periods T ., T, are calculated based on the
second charge energy level C_.,,,. Referring to FIG. 6, a third
charge period T .., 1s calculated from the end of the first
charge period T -, to a first time the second charge energy
level C_,,, crosses the actual consumption line P. A third
charge energy E_..; 1s calculated from the preselected
charge rate R -, and the third charge period T ;5. A fourth
charge period T, 1s calculated from a second time the
second charge energy level C.., crosses the actual con-
sumption line P to a start of the second charge period T .
A fourth charge energy E ., 1s calculated from the prese-
lected charge rate R, and the fourth charge period T -,..

The method then moves to step S30, where 1t 1s deter-
mined whether or not the third charge energy E ..., 1s greater
than the fourth charge energy E,..,. I the third charge
energy E .., 1s greater than the fourth charge energy E ..,
the method moves to step S32. I the third charge energy
E 775 1s less than or equal to the fourth charge energy E 7.
the method moves to step S34.

When the third charge energy E ., 1s greater than the
fourth charge energy E_..,, 1n step S32 and shown 1n FIG.
6, an idle energy E. 1s selected between the third charge
energy E.., and the fourth charge energy E...,. A fifth
charge period T .., 1s calculated from the end of the first
charge period T .., until a time the 1dle energy E,-1s reached
at the preselected charge rate R, A sixth charge period
Tz 1s calculated as the time required to charge at the
preselected charge rate R ., from the 1dle energy E,. to the
second charge energy E .. In FIG. 6, the idle energy E;- 1s
the third charge energy E 5, so the fifth charge period T /<
1s equal to the third charge period T ;. An 1dle period T,
1s set between the fifth charge period T, and the sixth
charge period T . In step S24, the power exchange curve
7. 1s calculated as 1llustrated 1n FIG. 6. In step S26, power 1s
exchanged between the EV battery and the power consumer
or power grid according to the power exchange curve Z. As
shown 1n FIG. 6, the battery 1s charged from the connection
time T through the fifth charge period Tl\,l,_:f5 at the charge
rate RCH, idled from the end of the fifth charge period T ;-
to the start of the sixth charge period T,., and charged
through the sixth charge period T .-, to the required depar-
ture time T, at the charge rate R .

When the third charge energy E ., 1s less than or equal
to the fourth charge energy E .. 1n step S30, the method
moves to step S34 to determine the best predicted power
consumption curve Q' to minimize the expected peak energy
level.

FIGS. 7 and 8 1llustrate the minimization of the expected
peak energy level with two different results. A revised charge
rate R ., 1s calculated to charge from the third charge energy
E ;> to the fourth charge energy E

E .. A first power
exchange curve 7 1s calculated based on charging the battery
at the preselected charge rate R -, from the connection time
T, through the third charge period T,.,, charging the
battery at the revised charge rate R ., from the third charge
period T ., to the fourth charge period T -, and charging




US 9,509,159 B2

7

the battery at the preselected charge rate R -, from a start of
the fourth charge period T ., to the required departure time
1p.

An alternative, or second power exchange curve 7' 1s also
calculated An 1dle energy E. between tle third charge
energy E ., and the fourth charge energy E .. 1s selected
so that a peak energy consumption i1s minimized. For
instance, the idle energy E . can be selected so that the peak
energy consumption at the end of a fifth charge period T ;<
equals a peak energy consumption at a sixth charge period
T 776, as 1llustrated 1n FIGS. 7 and 8. The fifth charge period
T < begins at the end of the third charge period T, and
ends when the idle energy E. 1s reached based on the
preselected charge rate R.,,. The sixth charge period T,
ends at the start of the fourth charge period T -, and begins
at a time that provides a suflicient period to Charge at the
preselected charge rate R -, from the idle energy E.- to the
fourth charge energy E_.,. The second power exchange
curve 7' 1s calculated based on charging the battery at the
preselected charge rate R ., from the connection time T
through the fifth charge period T ,,., 1dling the battery from
the end of the fifth charge period T ;< to the start of the sixth
charge period T .., and charging the battery at the prese-
lected charge rate R -, at the sixth charge period T~ to the
required departure time T ..

A first predicted power consumption curve (Q 1s deter-
mined based on the first power exchange curve 7Z and a
second predicted power consumption curve Q' determined
based on the second power exchange curve Z'. In step S36
the predicted power consumption curve that provides the
mimmum peak energy level 1s selected. As seen 1n FIG. 7,
the first predicted power consumption curve () representing,
the use of the revised charge rate R ., results 1n the smallest
increase 1n the expected peak energy level C+1. As seen 1n
FIG. 8, the second predicted power consumption curve ',
representing the use of the idle period T,, results in the
smallest 1increase 1n the expected peak energy level C+1.

The method then goes to step S26 to exchange power in
accordance with the power exchange curve associated with
the selected predicted power consumption curve. For
example, 1n FIG. 7, the battery 1s charged at the charge rate
R ;; from the connection time T . through the third charge
period T .4, charged at the revised charge rate R .. from
the end of the third charge period T .., to the start of the
fourth charge period T, and charged at the charge rate
R~z through the fourth charge period T, to the required
departure time T ,,. In FIG. 8, the battery 1s charged at the
charge rate R, from the connection time T . through the
fifth charge period T, 1dled from the end of the fifth
charge period T, to the start of the sixth charge period
Tz and charged at the charge rate R ., through the sixth
charge period T -, to the required departure time T .

The order 1n which the steps are described 1s not meant to
be limiting. If the steps can be performed 1n a different order
while arriving at the same result, than that order 1s contem-
plated herein and in the claims.

The systems and methods herein can be implemented in
whole or in part by one or more processors which can
include computers, servers, or any other computing device
or system capable of manipulating or processing information
now-existing or hereafter developed including optical pro-
cessors, quantum processors and/or molecular processors.
Suitable processors also include, for example, general pur-
pose processors, special purpose processors, IP cores,
ASICS, programmable logic arrays, programmable logic
controllers, microcode, firmware, microcontrollers, micro-
processors, digital signal processors, memory, or any com-
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bination of the foregoing. The methods can be implemented
using a general purpose computer/processor with a computer
program that, when executed, carries out any of the respec-
tive methods, algorithms and/or instructions described
heremn. In addition or alternatively, for example, a special
purpose computer/processor can be utilized which can con-
tain specialized hardware for carrying out any of the meth-
ods, algorithms and/or instructions described herein. In the
claims, the term “processor” should be understood as includ-
ing any the foregoing, either singly or in combination.
Herein, the terms “program™ and “process™ should be under-
stood to run on the processor.

Further, all or a portion of embodiments described herein
can take the form of a computer program product accessible
from, for example, a computer-usable or computer-readable
medium. A computer-usable or computer-readable medium
can be any device that can, for example contain, store,
communicate, and/or transport the program for use by or 1n
connection with any computing system or device. The
medium can be, for example, an electronic, magnetic, opti-
cal, electromagnetic, or a semiconductor device. Other suit-
able mediums are also available.

The methods disclosed may incorporate user input for one
or more variables. The processor used for these methods can
include a user 1nterface, a display, a key pad, a touch screen
and any other devices that are known to those skilled 1n the
art to assist 1n the interface between processor and user.

While the invention has been described in connection
with what 1s presently considered to be the most practical
and preferred embodiment, it 1s to be understood that the
invention 1s not to be limited to the disclosed embodiments
but, on the contrary, 1s intended to cover various modifica-
tions and equivalent arrangements included within the spirt
and scope of the appended claims, which scope 1s to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures as 1s permitted
under the law.

What 1s claimed 1s:

1. A method performed by a processor for decreasing peak
energy consumption of a power consumer during power
exchange with a battery of a vehicle, the method comprising:

preprogramming an actual consumption line based on

expected power usage, the actual consumption line
having a peak energy consumption;

determining a connection time of the battery when the

battery 1s connected to the power consumer, a connec-
tion energy of the battery at the connection time, a
required departure time of the battery, a required depar-
ture energy;

calculating a power exchange curve during a connection

period between the connection time and the required

departure time configured to minimize an expected

peak energy consumption while securing the required

departure energy by the required departure time,

wherein calculating the power exchange curve com-

prises:

preselecting a charge rate and a discharge rate;

calculating a first charge energy level from the peak
energy consumption less the discharge rate and the
charge rate;

calculating a first charge period from the connection
time and a first time the first charge energy line
crosses the actual consumption line;

calculating a second charge period from the required
departure time and a second time the first charge
energy line crosses the actual consumption line;
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calculating a first charge energy at an end of the first
charge period using the charge rate;
calculating a second charge energy at a start of the
second charge period using the charge rate;
if the first charge energy i1s greater than the second
charge energy, calculating a discharge energy level
from the peak energy consumption less the discharge
rate; and
calculating a revised discharge rate and a discharge
period corresponding to the discharge energy level;
charging the battery during the first charge period at the
charge rate; and
charging the battery during the second charge period at
the charge rate.
2. The method of claim 1, wherein calculating the revised

discharge rate comprises:
calculating a discharge period between a first time and a

second time the discharge energy level crosses the

actual consumption line;
calculating the revised discharge rate from the discharge

period and a difference between the first charge energy
and the second charge energy.

3. The method of claim 2 further comprising;:

discharging the battery during the discharge period at the

revised discharge rate; and

idling power exchange during idle periods, idle periods

occurring between the first charge period and the dis-
charge period and between the discharge period and the
second charge period.

4. The method of claim 1, wherein, if the first charge
energy 1s less than the second charge energy:

calculating a second charge energy level from the peak

energy consumption less the charge rate; and
calculating extended charge periods based on the second
charge energy level.

5. The method of claim 4, wherein calculating extended
charge periods comprises:

calculating a third charge period from the end of the first

charge period to a first time the second charge energy
level crosses the actual consumption line;

calculating a third charge energy from the charge rate and

the third charge period;
calculating a fourth charge period from a second time the
second charge energy level crosses the actual consump-
tion line to a start of the second charge period; and

calculating a fourth charge energy from the charge rate
and the fourth charge period.

6. The method of claim 3, wherein 1f the third charge
energy 1s greater than the fourth charge energy, selecting an
idle energy between the third charge energy the fourth
charge energy;

calculating a fifth charge period from an end of the first

charge period to a time when the 1dle energy 1s reached
at the preselected charge rate;

calculating a sixth charge period;

setting an 1dle period between the fifth charge period and

the sixth charge period; and

if the third charge energy 1s less than the fourth charge

energy, minimizing the expected peak energy con-
sumption.

7. The method of claim 6 further comprising;:

charging the battery from the connection time through the

fifth charge period at the charge rate;

idling the battery through the 1dle period; and

charging the battery through the sixth charge period to the

required departure time at the charge rate.
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8. The method of claim 6, wherein mimimizing the
expected peak energy consumption comprises:
calculating a revised charge rate to charge from the third
charge energy to the fourth charge energy, and plotting,
a first charge curve;
determining an 1dle energy between the third charge
energy and the fourth charge energy so that a peak
energy consumption 1s minimized, determining a fifth
charge period from the end of the third charge period
until the idle energy 1s reached, determining a sixth
charge period prior to the start fourth charge period
based on the 1dle energy and plotting a second charge
curve; and
selecting one of the first charge curve and the second
charge curve that minimizes the expected peak energy
consumption.
9. The method of claim 8, wherein if the first charge curve
1s selected, the method further comprises:

charging the battery at the charge rate from the connection
time through the third charge period;

charging the battery at the revised charge rate from the
third charge period to the fourth charge period; and

charging the battery at the charge rate through the fourth
charge period to the required departure time.

10. The method of claim 8, wherein 11 the second charge

curve 1s selected, the method further comprises:

charging the battery at the charge rate from the connection
time through the fifth charge period;

idling the battery from the end of the fifth charge period
to the start of the sixth charge period; and

charging the battery at the charge rate through the sixth
charge period to the required departure time.

11. The method of claim 8, wherein the peak energy
consumption during the fifth charge period equals a peak
energy consumption during the sixth charge period.

12. The method of claim 1, wherein determining one or
both of the required departure time and the required depar-
ture energy comprises receving a user mput.

13. The method of claim 1, wherein the required departure
energy 1s a default departure energy.

14. A system for decreasing peak energy consumption of
a power consumer comprising:

a system controller preprogramed with an actual con-
sumption line based on expected power usage, the
actual consumption line having an actual peak energy
consumption; and

a vehicle charger 1n communication with the system
controller to recerve 1structions on charging and dis-
charging from the system controller, wherein the sys-
tem controller 1s operable to:
determine a connection time of the battery when the

battery 1s connected to the power consumer, a con-
nection energy of the battery at the connection time,
a required departure time of the battery, a required
departure energy; and

calculate a power exchange curve during a connection
period between the connection time and the required
departure time configured to minimize an expected
peak energy consumption while securing the required
departure energy by the required departure time,
wherein, when calculating the power exchange curve,
the system controller 1s further operable to:
preselect a charge rate and a discharge rate;
calculate a first charge energy level from the peak

energy consumption less the discharge rate and the
charge rate;
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calculate a first charge period from the connection time
and a first time the first charge energy line crosses the
actual consumption line;

calculate a second charge period from the required
departure time and a second time the first charge
energy line crosses the actual consumption line;

calculate a first charge energy at an end of the first
charge period using the charge rate;

calculate a second charge energy at a start of the second
charge period using the charge rate;

if the first charge energy 1s greater than the second
charge energy, calculate a discharge energy level
from the peak energy consumption less the discharge
rate; and

calculate a revised discharge rate and a discharge
period corresponding to the discharge energy level,
wherein the vehicle charger discharges the battery at
the revised discharge rate.

15. The system of claim 14, wherein, when calculating the
revised discharge rate, the system controller 1s turther oper-
able to:

calculate a discharge period between a first time and a

second time the discharge energy level crosses the
actual consumption line;

calculate the revised discharge rate from the discharge

period and a difference between the first charge energy
and the second charge energy; and

provide 1nstructions to:

charge the battery during the first charge period at the
charge rate;

discharge the battery during the discharge period at the
revised discharge rate;

charge the battery during the second charge period at
the charge rate; and

idle power exchange during idle periods, idle periods
occurring between the first charge period and the
discharge period and between the discharge period
and the second charge period.

16. The system of claim 14, wherein, 1f the first charge
energy 1s less than the second charge energy, the system
controller 1s further operable to:

calculate a second charge energy level from the peak

energy consumption less the charge rate; and
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calculate extended charge periods based on the second

charge energy level by:

calculating a third charge period from the end of the
first charge period to a first time the second charge
energy level crosses the actual consumption line;

calculating a third charge energy {from the charge rate
and the third charge period;

calculating a fourth charge period from a second time
the second charge energy level crosses the actual
consumption line to a start of the second charge
period; and

calculating a fourth charge energy from the charge rate
and the fourth charge period.

17. The system of claim 16, wherein if the third charge
energy 1s greater than the fourth charge energy, the system
controller 1s further operable to select an idle energy
between the third charge energy the fourth charge energy;

calculate a fifth charge period from an end of the first

charge period to a time when the 1dle energy 1s reached
at the preselected charge rate;

calculate a sixth charge period;

set an 1dle period between the fifth charge period and the

sixth charge period; and

1f the third charge energy 1s less than the fourth charge

energy, minimize the expected peak energy consump-
tion.

18. The system of claim 17, wherein, when minimizing
the expected peak energy consumption, the system control-
ler 1s further operable to:

calculate a revised charge rate to charge from the third

charge energy to the fourth charge energy, and plot a
first charge curve;
determine an 1dle energy between the third charge energy
and the fourth charge energy so that a peak energy
consumption 1s mimmized, determine a {fifth charge
period from the end of the third charge period until the
idle energy 1s reached, determine a sixth charge period
prior to the start of the fourth charge period based on
the 1dle energy and plotting a second charge curve; and

select one of the first charge curve and the second charge
curve that minimizes the expected peak energy con-
sumption.
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